ABSTRACT The objective of this study was to investigate the effects of naturally contaminated Fusarium wheat containing deoxynivalenol (DON) on growth and performance of broiler chickens from 0 to 35 d. The BoMill TriQ individual kernel sorting technology uses near infrared transmittance (NIT) spectra to separate Fusarium-damaged kernels (FDK) from healthy kernels based on individual kernel CP. Three Fusariumcontaminated wheat sources were individually sorted into 3 test fractions: outlier (10% of the source), high mycotoxin (20% of the source), and low mycotoxin (70% of the source). These fractions were reconstituted into 4 ratios-M0, M20, M40, and M60-relating to the proportion of the high mycotoxin fraction in the reconstituted diets. These 12 reconstituted wheat sources with varying levels of DON were incorporated at ∼70% (starter) or ∼75% (grower/finisher) into diets. The fractions of wheat used had FDK ranging from 0.1 to 25.8% and DON from 0.0 to 14.3 ppm. A total of 480 newly hatched Ross 308 male broilers were randomly divided into 96 cages. Each test diet was assigned to 8 replicates with 5 birds per replicate cage. At 21 d, 180 birds were transferred to 36 cages, allowing 3 replicates of 5 birds per diet until 35 d. A factorial arrangement analysis compared the 3 wheat sources and 4 ratios produced from each sorted wheat. Growth and performance were evaluated as BW (g), feed intake (FI; g/bird/day), feed conversion ratio (FCR; g:g), AME (kcal ME/kg diet), nitrogen retention (NR; %), and mortality (%) for 0 to 21 d and 21 to 35 d. Results indicate no significant difference in BW, FI, and FCR (P > 0.05). Significant differences were seen in AME and NR (P < 0.01). This study demonstrates the potential of this novel sorting technology to produce naturally contaminated diets with a large range of mycotoxin concentrations from a single wheat source to enable future investigations of mycotoxin exposure in any species.
INTRODUCTION
Fusarium mycotoxin contamination of feed is a global concern (Schothorst and van Egmond, 2004; Streit et al., 2012) and results in significant economic losses along with adverse health effects in poultry . Previous estimations (CAST, 2003) have indicated that 25% of the world's wheat is contaminated with mycotoxins, resulting in losses to all aspects of the grain industry, including food and feed production and animal productivity. It should be noted that only a small percentage of contaminated kernels legally lowers the grade to feed (∼4%) or salvage (>4%) in Canada (Canadian Grain Commission, 2013) showed that fungi in the genus Fusarium cause the plant disease Fusarium head blight (FHB), which leads to the formation of Fusarium-damaged kernels (FDK). These damaged kernels contain decreased CP (Jackowiak et al., 2005) and, according to Pronk et al. (2002) , usually contain mycotoxins, primarily deoxynivalenol (DON), although other mycotoxins are also associated with Fusarium infections. This contaminated wheat is used as poultry feed (Awad et al., 2008a) , and although poultry are considered relatively resistant to low DON exposures (Yunus et al., 2012) , these exposures may still lead to decreased performance, productivity, and immune function .
The currently accepted safe DON dietary concentration for poultry is 5 ppm (Danicke et al., 2001) . However, the impact of DON level on poultry performance is variable (Kubena et al., 1997; Swamy et al., 2002; Awad et al., 2008a; Ghareeb et al., 2012) . Many previous studies were based on purified sources of DON that are considered to be less toxic than naturally contaminated diets (Canady et al., 2002) . Naturally contaminated wheat increases the potential for synergistic or additive interactions from multiple mycotoxins (Smith et al., 1997) , including DON metabolites and masked mycotoxins. Although acute DON mycotoxicosis is well characterized (Devegowda and Murthy, 2005; Smith et al., 2005) , this level of exposure is not common in developed countries (Streit et al., 2013) . However, chronic mycotoxicoses from lower dietary exposures are known to impact poultry performance and nutritional efficiency, and they can increase the susceptibility of poultry to infections and reduce vaccination response (Swamy et al., 2004; Pestka and Smolinski, 2005; Awad et al., 2008b) . These effects are a factor of mycotoxin(s) concentration, duration of exposure, age, and the type of mycotoxin(s) ingested (D'Mello et al., 1999; Pestka, 2008) .
Commercial methods to reduce FDK and associated mycotoxin-contaminated kernels were not available prior to 2012. . Beyer et al. (2010) evaluated the effectiveness of near infrared reflectance (NIR) spectrometry to differentiate healthy and Fusarium-damaged kernels. They concluded that the largest spectral changes between healthy and damaged kernels occurred in the 1,400 to 1,900 nm spectral range. Peiris et al. (2009) observed the absorption bands of DON in a similar spectral range and indicated that DON levels could be estimated using specific NIR spectra. BoMill AB (Lund, Sweden) has engineered the TriQ (Figure 1 ), an individual kernel sorter that uses near infrared transmittance (NIT). It has commercially interesting sorting capacity and uses only a specific spectral range. Compared to reflectance, transmittance measurements are less susceptible to surface properties and can more accurately detect internal differences in samples (Schaare and Fraser, 2000) . Previous research (Tonning et al., 2009) indicated that the TriQ could effectively separate FDK-and DON-contaminated kernels from healthy kernels. Estimated capacity of the TriQ is dependent on kernel density, but one machine is expected to sort 2.5 to 3.0 metric tonnes (MT) of grain/hr (25,000 MT/yr) into 3 user-defined fractions. Economies of scale would require 10 machines with an estimated Canadian cost of $10/MT for operation.
Our objectives were: 1) use the TriQ to sort 3 wheat sources with natural Fusarium contamination into 3 test fractions (outlier, high mycotoxin levels, and low mycotoxin levels) and use these fractions to create 4 reconstituted wheat sources based on increasing amounts of the high FDK fraction (M0, M20, M40, and M60) to be used in a poultry feeding trial and 2) expose broiler chicks to these naturally contaminated diets and evaluate the effects of mycotoxin concentrations on broiler performance by measuring body weight (BW; g), feed intake (FI; g/bird/day), mortality corrected FCR (g:g; feed to gain), apparent metabolizable energy (AME; kcal ME/kg diet), nitrogen retention (NR; %), and mortality (%).
MATERIALS AND METHODS
The experimental protocol and all procedures were approved (AUP 20130047) by the University Committee on Animal Care and Supply, Animal Research Ethics Board, University of Saskatchewan, Saskatchewan, Canada. The care and handling used in the study followed the principles established by the Canadian Council on Animal Care (1993).
Experimental Design and Diets
BoMill TriQ Sorter. The TriQ is based on applying NIT technology for determining CP within individual kernels. The TriQ consists of a rotating steel singulator drum (specific to grain type; presently only wheat, durum wheat, and barley) with approximately 22,000 laser-etched pockets that facilitate positioning of individual kernels by centrifugal force. Each kernel is measured by 3 NIT detectors to measure transmittance of specific spectral wavelengths (BoMill AB, 2008; Patent 7417203) in the spectral range of 1,100 to 1,700 nm, to estimate CP. The absorptive spectra of individual kernels with known CP are used to provide reference values for the TriQ, which are then compared to unknown kernel spectra to estimate CP (BoMill, 2012) . The determined spectral data is then used to produce 10% increments as a histogram representing the natural variability of the sample, and the increments are analyzed chemically to verify CP. The user may then divide the 10% increments and subsequent CP levels into 3 distinct commercial fractions of grain to be sorted into 3 ejection outlets. Recent modifications to the TriQ software have enabled additional capabilities to sort bulk grain based on on Fusarium-damaged kernels or hard vitreous kernels. These modifications improve the capabilities of the TriQ to remove healthy from infected kernels; however, these updates were not available at the time of this study. A more detailed description of Figure 2 . Diagram of diet formulation for each wheat source. The outlier fraction contains the top and bottom 5% of kernels, the high mycotoxin fraction contains the lowest 20% CP kernels, and the low mycotoxin fraction contains the remaining higher CP kernels. Formulated diets consist of mixed ratios of outlier, high mycotoxin, and low mycotoxin fractions respectively. M0 contains no high mycotoxin fraction, M20 contains 20% high mycotoxin fraction, M40 contains 40% high mycotoxin fraction, and M60 contains 60% high mycotoxin fraction.
this technology is available elsewhere (Kautzman et al., 2015) .
Diets. Three sources of contaminated wheat (approximately 6 MT/source) that had been downgraded based on % FDK were purchased from grain producers in western Canada. The 3 wheat sources were classified as Canadian western red spring (CWRS), Canadian western soft white spring (CWSWS), and Canadian western amber durum (CWAD). Each source was initially sorted into outliers, high mycotoxin, and low mycotoxin fractions based on CP concentration. Unsorted and sorted fractions were graded by a Canadian Grain Commission inspector for levels of FDK and assigned a grade. Samples from each source and fraction were analyzed for 16 common Fusarium mycotoxins (North Dakota State University, Veterinary Diagnostic Laboratory, Fargo) via gas chromatography (model 689ON; Agilent Technology, Englewood, CO) and mass spectrometer (model 5975B XL E1/C1; Agilent Technology). Deoxynivalenol (DON) was the only toxin identified at levels above the detection limit of 0.5 ppm.
Reconstitutions of the outlier, high mycotoxin, and low mycotoxin fractions into 4 ratios ( Figure 2 ) consisted of a control diet, or M0 (low fraction only); M20 (10% outlier, 20% high fraction, 70% low fraction); M40 (10% outlier, 40% high fraction, 50% low fraction); and M60 (10% outlier, 60% high fraction, 30% low fraction). Outliers represent kernels from other types of grain, improper positioning of kernels into pockets, or two kernels in one pocket (BoMill, 2012) . Because each wheat source had variation in the range of % CP (16 to 20%), diets were formulated with the average (18% CP) using Brill (Formulation Optimization, version 2.04.007; Feed Management Systems Inc., Hopkins, MN). Starter and grower/finisher diets contained ∼70.7% and ∼75.7% wheat, respectively (Table 1) . One starter and one grower/finisher basal diet were prepared with similar formulations. The grower/finisher was formulated with a reduced level of soybean meal to accommodate the increased inclusion of wheat. All wheat sources were ground using a Jacobson hammer mill (model 160-D; Jacobson Machining Works, Minneapolis, MN) equipped with a 4.2 mm screen. Ingredients were blended in a Marion 800 kg paddle mixer (model 2030; Rapids Machining Company, Marion, IA) for 3 min to produce the mash diets. Protein concentration and ME were within ranges to meet broiler requirements (Aviagen, 2012) , and diets were formulated to meet or exceed National Research Council (1994) requirements. Xylanase (0.05%) was included to aid in the digestion of the high wheat levels in the diets. There was also 0.8% acid insoluble ash (Celite) added as an acid insoluble ash marker. The authors would like to note that due to the university's animal welfare concerns, a diet formulation consisting solely of the high mycotoxin fraction was not approved.
Bird Management and Sample Collection
This study was an assessment of the effects of mycotoxins on broiler performance and immune competence; however, only performance and digestibility data are presented here. A total of 480 Ross 308 male broilers were purchased at 1 d of age from Lilydale Hatchery Inc. (Wynyard, Saskatchewan). Birds were individually weighed and, from 1 to 21 d of age, were randomly assigned to 96 battery cages (29 cm high × 48 cm wide × 83 cm long; providing 800 cm 2 /bird floor space) arranged into 4 levels. The 12 starter test diets (described above) were randomly assigned to 8 replicate cages of 5 birds with feed and water (two nipple drinkers/cage) provided ad libitum. Ambient temperature was initially set at 32
• C and was gradually reduced to 23
• C by 21 d. The birds were provided with incandescent lighting with day length of 23 hr at 30 lux from 0 to 7 d then reduced to a day length of 20 hr at 10 lux for the remainder of the trial.
Individual BW, as well as cage FI and FCR were recorded at 0, 7, 14, and 21 d. At 21 d of age, 2 birds per cage were humanely killed by cervical dislocation for gut and organ measurements. A total of 180 of the remaining birds were then housed in 36 grow-out cages (38 cm high × 66 cm wide × 69 cm long; providing 900 cm 2 /bird floor space) until 35 d of age. The 12 test grower/finisher test diets (described above) were assigned to 3 cages of 5 broilers from 21 to 35 d based on the previously assigned starter diet. Organs relative to digestion (proventriculus, gizzard, jejunum, ileum, and cecum) were measured and expressed as % relative to BW.
The AME and NR of the 12 starter and grower/finisher test diets were determined. A representative sample of each test diet was collected for the starter and grower/finisher diets. Clean (i.e., free of feathers and feed) excreta samples were collected from each cage twice daily at 19, 20, 33, and 34 d. The excreta samples were frozen, weighed, oven dried at 55
• C for 72 hr, reweighed, and then pooled by cage based on sampling day. The dried excreta and diet samples were ground through a 1 mm screen (SM 2000 High-Performance Cutting Mill; Retsch GmbH and Co., Haan, Germany) prior to analysis.
Chemical Analysis
Wheat sources as well as ground diet and excreta samples were analyzed in duplicate. A forced-air drying oven was used to measure DM (VWR Signature model 1330 GSM; VWR International, Radnor, Pennsylvania) at 135
• C for 2 hr (AOAC, 1990) . A Leco analyzer (model FP-5281; Leco Corp., St. Joseph, MI) at 800
• C using EDTA as a standard (AOAC, 1995) was used to measure CP (N * 6.25). Gross energy was measured by Parr 6400 adiabatic oxygen bomb calorimeter (model A1435DDEB; Parr Instrument Company, Moline, IL) using benzoic acid as a standard. An acid insoluble ash digestible marker, Celite 585 (Fisher Scientific, Ottawa, ON, Canada) was analyzed (Vogtmann et al., 1975) in 1 g excreta and 2 g test diet samples in 125 mm glass tubes (VWR North America, West Chester, PA). The tubes were ashed in glass beakers at 500
• C for 24 hr. Ashed samples were mixed with 5 mL 4 N HCl and heated for 1 hr at 120
• C. Samples were then centrifuged (model 5810R, 15 amp version; Eppendorf AG, Hamburg, Germany) at 2,500 rpm for 10 min, and the supernatant was removed using a vacuum siphon. Samples were washed twice with 5 mL water, siphoned, and dried overnight at 80
• C. The samples were further ashed at 500
• C overnight, cooled, and measured.
Calculations and Statistical Analysis
The following equations (Scott and Hall, 1998) were used to calculate the digestibility of diets as AME and NR:
where GE = gross energy, marker = Celite, and N = nitrogen. All data were subjected to statistical analysis using a complete randomized block design (PROC MIXED of Means with differing letters in the same column are significantly different. Significance indicated as: NS P ≥ 0.1; † P ≤ 0.1; * P ≤ 0.05; * * P ≤ 0.01; * * * P ≤ 0.001. CWRS = Canadian western red spring; CWSWS = Canadian western soft white spring; and CWAD = Canadian western amber durum.
Fractions are the result of sorting wheat using the BoMill TriQ and were not sent for grading. Fusarium-damaged kernels = FDK; deoxynivalenol = DON, Leco measured crude protein = CP; 1000 kernel = TKW; bushel weight = Bu.
Grade is based on Canadian grading classifications. 1 Other mycotoxins were analyzed and were below the detection limit of 0.5 ppm. These included DON metabolites (3 and 15 acetyl DON), T-2 toxin and metabolites (tetrol; triol; iso T-2), fusarenone X, diacetoxyscirpenol, scripentriol (SCIRP) and metabolite (15 acetyl SCIRP), nivalenol, neosolaniol, HT-2 toxin, zearalenol, and zearalenone.
SAS [version 9.3]; SAS Institute Inc, 2012, Cary, NC) with battery level as the blocking factor. Classes were wheat (CWRS, CWSWS, CWAD) and ratio (M0, M20, M40, M6), and cage was the experimental unit. Multitreatment means comparisons were adjusted using the Tukey test. Linear and quadratic effects of increasing ratios of mycotoxins were analyzed using the regression (PROC REG and RSREG of SAS [version 9.3]; SAS Institute Inc, 2012, Cary, NC) model. Data were log transformed when required to achieve normality. Means were compared using PDMIX800 (Saxton, 1998) . Significance was determined at P < 0.05.
RESULTS

Wheat Sources
Information on the measured characteristics of the unsorted wheat and the average for sorted fractions are presented in Table 2 . Prior to sorting, all wheat sources had been downgraded due to FDK. The DON levels were 1.1 and 1.2 ppm for the CWRS and CWSWS wheat, respectively, and 8.4 ppm for the CWAD. Similarly, CP for CWRS, CWSWS, and CWAD was 19.7, 16.3, and 18.1% respectively. In regards to grade, the CWRS was graded as number 3 (FDK > 1.0%), the CWSWS was graded as feed (FDK = 3.7%), and the CWAD was graded as salvage (FDK > 5%). The end result for salvage grain is either disposal or dilution with higher quality grain to meet minimum standards for sale (Randy Dennis, Chief Grain Inspector for Canada, Canadian Grain Commission, personal communication, 2015).
With respect to grade categories of the sorted fractions, it was not possible to average across wheat be- cause feed and salvage grades are non-numerical. TriQ sorting concentrated FDK and DON in the high mycotoxin fraction, thus reducing them in the low mycotoxin fraction. Increases in FDK corresponded to increases in DON concentrations and to decreases in CP, thousand kernel weight (TKW), and bushel weight (Bu) measurements. As mentioned, DON was the only mycotoxin of the 16 measured that was above the limit of detection (0.5 ppm). Grade was improved in all wheat types between high and low mycotoxin fractions.
To better illustrate the 12 starter and grower/finisher diets used, the DON levels for the respective diets are presented in Table 3 . The concentration of DON measured in starter diets ranged from 0.5 to 8.3 ppm; Ratio × Ratio -7.45e
−8
1.09e
Means with differing letters in the same column are significantly different. Significance indicated as: NS P ≥ 0.1; † P ≤ 0.1; * P ≤ 0.05; * * P ≤ 0.01; * * * P ≤ 0.001. CWRS = Canadian western red spring; CWSWS = Canadian western soft white spring; and CWAD = Canadian western amber durum; BW = body weight; FCR = mortality corrected feed to gain ratio; AME = apparent metabolizable energy; NR = nitrogen retention.
in the grower/finisher diets, DON ranged from 0.5 to 7.9 ppm.
Bird Performance. Broiler performance was evaluated for the respective starter (0 to 21 d) and grower/finisher (21 to 35 d) phases based on individual wheat sources: CWRS, CWSWS, and CWAD. The results based on starter diets for BW, FI, FCR, mortality, AME, and NR based on excreta collected at 19 and 20 d are presented in Table 4 . Overall mortality from 0 to 21 d was 2.3% and was not significantly different among treatments. The expected BW for male broilers at 21 d is 945 g (Aviagen, 2012) , and in the present study, the average BW was 809 g. No significant differences in performance (BW or FI) were seen between wheat sources, the different ratios of high mycotoxin, or the interactions at 21 d. The FCR results between wheat sources were significantly higher in the CWSWS (1.48) than CWRS (1.44) and CWAD (1.43) (P < 0.01).
With respect to AME and NR for the starter phase, there were significant main effects and interactions (Table 4) . The interactions were difficult to interpret but were consistent between AME and NR, indicating this may be due to variability in sampling and subsequent variation in marker ratios measured. The interactions are not presented. There were significant effects of wheat ratio on AME and NR, with the highest levels measured for M60, that is, the highest level of DONcontaminated wheat fed.
The performance and digestibility data for the grower/finish period are presented in Table 5 . Overall mortality from 21 to 35 d was 4.4% and was not significantly different among wheat sources or ratios. With respect to 35 d BW, there were numerical differences due to wheat source (P < 0.10); BW for the CWAD (2,221 g) was higher than the CWRS (2,191 g) and CWSWS (2,145 g) wheat sources. Aviagen's performance guides (Aviagen, 2012) state BW for 35 d old male broilers should be 2,250 g. There were no significant treatment effects for FI. The FCR for 21 to 35 d was significant; birds fed CWAD had the lowest FCR (1.65), which was not significantly different from CWRS (1.70) but was significantly different from birds fed CWSWS (1.74). There were no significant differences between birds' FCR when fed CWRS or CWSWS. There were no significant interactions for BW, FI, or FCR. Organ weights (proventriculus, gizzard, jejunum, ileum, and cecum) relative to individual bird weight were measured and evaluated at 21 and 35 d; there were no significant differences observed (P > 0.10), and data have not been presented.
There were significant interactions measured for AME and NR for the grower/finisher diets, and similar to the starter period, there did not appear to be any consistent explanation for the interaction. Therefore, these data are not presented. There were no significant linear or quadratic estimations of ratio of wheat used in the study on performance or digestibility estimates during the grower/finisher period.
DISCUSSION
Contamination of poultry feed with Fusarium species and mycotoxins have resulted in more than 1 billion in economic losses in Canada (Lombaert, 2002) . The infection of grains due to FDK and mycotoxins cause Means with differing letters in the same column are significantly different. Significance indicated as: NS P ≥ 0.1; † P ≤ 0.1; * P ≤ 0.05; * * P ≤ 0.01; * * * P ≤ 0.001. CWRS = Canadian western red spring; CWSWS = Canadian western soft white spring; and CWAD = Canadian western amber durum; BW = body weight; FCR = mortality corrected feed to gain ratio; AME = apparent metabolizable energy; NR = nitrogen retention.
1 No linear or quadratic effects were found.
reduced yield and downgrading of grain (Canadian Grain Commission, 2013) . Multiple factors contribute to the contamination of feed with Fusarium mycotoxins (Bryden, 2012) . The most complicated of these are environmental conditions that fluctuate from year to year. Fusarium infections continue to be an important issue worldwide, as does our capacity to measure those infections (Alvarez et al., 2011) . The capacity to sort downgraded FDK wheat sources into fractions containing high and low mycotoxin levels was previously not commercially attainable, and this new technology could provide an opportunity to decrease broiler performance losses. In terms of economics, at least a portion of this contaminated grain should be allowed to be used in feed (Binder et al., 2007; Terzi et al., 2014) ; however, people have questioned how using this contaminated grain in feed impacts poultry performance (Binder et al., 2007) . Variable quality among different wheat sources may impact broiler performance (Steenfeldt, 2001) ; therefore, reducing this variability through sorting may minimize impacts on broiler performance. Impacts on poultry health and productivity are major concerns among producers in association with costs, and lower health or vaccination response may require higher antibiotic use (Shier et al., 2005) .
Our results show that the sorted test fractions produced by the BoMill concentrated FDK and DON in the lowest 20% CP, and they were reduced in the remaining kernels. This indicates that decreasing the amount of FDK in a grain source could reduce the amount of DON and improve feed quality. The reduction of both FDK and DON with improved CP level agrees with the literature that suggests FDK and DON are positively correlated (Menniti et al., 2003; Paul et al., 2005; Wegulo et al., 2010) . Differences in TKW might be attributed to distinct differences in kernel composition (Matthaus et al., 2004) . There are indications that both TKW and Bu can be decreased due to the shriveling effects of FDK on kernels (Dexter et al., 1996) , which would be smaller and lighter than healthy kernels (Symons et al., 1999) .
Although DON was the only Fusarium toxin present in measureable amounts in any fraction of the 3 grain sources, it is possible that unmeasured or masked mycotoxins were present. Differences in broiler response with similar DON levels found in the literature may be due to these unmeasured mycotoxins producing additive, synergistic, or antagonistic effects (Fink-Gremmels, 2013) . Detection and analytical limitations may have inhibited our ability to detect additional mycotoxins that may influence DON toxicity (Swamy et al., 2004) . However, based on our study, performance was not negatively impacted by toxin enrichment achieved through sorting and reassembling wheat with different levels of naturally contaminated kernels.
Poultry have been shown to have greater tolerance to DON in comparison to other species (Bohm, 2000; Razzazi-Fazeli et al., 2003) . This tolerance results in poultry being allocated contaminated grain sources unfit for human consumption (Girgis and Smith, 2010) . The natural contamination in feed is typically lower than concentrations tested in purified toxin research studies (Dersjant-Li et al., 2003) ; however, more recent studies have focused on using naturally contaminated grain sources (Girgis and Smith, 2010) . Many studies that have measured the effect of DON fed to poultry show variation in performance responses (Danicke et al., 2001 ). Awad et al. (2012) and Ghareeb et al. (2012) indicated that DON at levels of 10 ppm or higher negatively influences the health and performance of poultry, including feed refusal and decreased weight gain. Negative clinical effects were seen in diets containing less than 4 ppm (Bergsjo et al., 1993) and at higher concentrations (Leitgeb et al., 2000; Danicke et al., 2001 ), yet other studies (Swamy et al., 2002; Awad et al., 2004 Awad et al., , 2006 Awad et al., , 2011 found no effects at levels up to 15 ppm. In the current study, DON measured in diets ranged from 1.2 to 8.3 ppm (starter) and from 1.0 to 7.9 ppm (grower/finisher). Similar to results seen by Awad et al. (2011) , BW, FI, and FCR were not affected by increasing levels of DON in diets. It appears that the broiler chickens were able to tolerate the levels of DON in the contaminated diets.
The lack of effects on bird performance measurements could be because of changing gut microbes as an adaptation to the diet (Rotter et al., 1992) or because broilers do not show feed refusal in the grower/finisher phases (Swamy et al., 2002) . Our results related to BW gain and FI were similar to Swamy et al. (2004) , who reported that feed consumption and weight gain were not affected by DON inclusion in either starter (5.9 ppm) or grower/finisher (9.5 ppm) diets. Other studies have also shown that DON has a highly variable effect on broiler performance (Kubena et al., 1997; Swamy et al., 2002; Danicke et al., 2003; Sypecka et al., 2004; Awad et al., 2004 Awad et al., , 2006 ). It appears that to obtain feed refusal and decreased weight gain, DON concentration in diets may need to reach levels of 16 to 20 ppm (Kubena et al., 1989; Harvey et al., 1991) . There was no apparent effect of ratio on broiler performance based on any of the endpoints measured in this study.
This study demonstrates the potential of individual kernel sorting technology to produce naturally contaminated diets with a range of mycotoxin concentrations from a single wheat source to enable future investigations of mycotoxicoses in any species. Prior to this, uncontaminated diets were spiked with pure toxin to create a range of exposures, or multiple wheat sources were used. Such approaches can alter toxin bioavailability compared to natural contamination and do not permit effective study of naturally occurring mycotoxin mixtures. This study provided evidence that feeding DON-contaminated diets with levels naturally found in Fusarium-contaminated wheat sources as a chronic exposure may not cause performance effects on broilers to 35 d of age. These results are of practical importance to poultry producers because they provide evidence that wheat sources contaminated with Fusarium may be able to be fed at DON concentrations higher than 5 ppm. As commercial NIT sorting may significantly increase the volumes of these grains and provide a means of salvaging them and converting them into high quality animal protein, the results of this study also indicate that further work is required to establish the upper limit of contaminated grain that can be safely fed.
